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This invention wm iMde under contract with the US* Gwmtmmt* which has 
5 certain rights thes^emu 



The snventtoi) descril^l and claimed herein is generally elated to eheroicaS 
agents used for fire extinguishment, explosion suppression, explosion Inertion, and 
fire imttmtt and more particularly, to extinguishing, mipf^Mhtg, and i^rting 
10 phosphorus nitride agents that are replacements for halon fire and MpM&m 

suppressants and mtm^i0m^ The production of Worn has been eliminated or 
curtailed m many nations dm to their impact on stratospheric o&one< 

The broad dass of hatocartrc** eoMfets of all moto&es coitfsiateg. carbon and 
15 one or more of the foUowing halogen atoms: fluorine* chloride* bromine, amlfor 

ip$m* Halocarbons may .also contain other chemical fmwm§ p£% m hydrogen atom, 
carboi5-to-carbon multiple bonds, or atomalic rings.. HaSoaikar*es, a subset of 
haiocarhons> eontain only single bonds between the carbon atoms. The use of certain 
hafo&lk&nes as fsre extinguishing agents has been kmwn for many years. 
20 For example, fire ^npiisheTS containing carbon tetrachloride ar>d methyl 

bromide were MM m aircraft applie&tio&s as early as the 1920s, Over a period of 
years the high toxicity of these compounds was -recognised and they were replaced 
with less toxic compounds, Chlorohromometh^e was used in aireraft applications 
tern the 1950b to the 1970s. A stody ® f haloalkaues as fm extinguishing agents 
35 was cosseted by the Purdue Research Foundation for the U.S. Army from 194? to 
1950 CPSRE EXTINGOlSliWG AOBNTS. Final Report, Purdue Uni^mty, 1950% 
Habalkanes used for f im protection an* often designated by the <*halon numbering 
system" This system gives in order the number of atoms of carbon, fluorine, chlorine, 
md bromine m the mofeeule* Tims, for example, CBrCiF2, whose chemical tmm f$ 
W bromochlorodifloommetae, is often referred to as Haion 121 h 

The term ^pingoishmenr is usually used to denote complete elimination of a 
fire; whereas, Suppression* is ote> used to denote reduction, bur not necessarily total 
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elimination, of a fire or explosion. These two terms are sometimes used 
mtetchangeably. There are few general ifpm of haioeadson tire and explosion 
pottos applications. <i> &i to&Htaed fm exUnfafefctaea*. aa#^r*«^»8sioB 
applications, the agfeitt is discharged into a space to achieve » concentration sufficient 
5 to extinguish or suppress ait existing fire. This is often, though not always, &»>e by *« 
automatic system, which detects the fire and then automatically discharges the 
extinguishing agent to fill the space with the consent? ation of a gaseous or an 
e vaporated volatile liquid agent to the concentration needed to supptess or extinguish 
the contained fire. Total flooding use includes protection of enclosed, potentially 
1 0 occupied spaces such as computer rooms as well as specialised, often »t*seettpied 

spaces such as aircraft engine nacelles and engine compartments in vehicles. Note that 
the term "total flood** does not necessarily tmm that the extinguishing or suppressing 
agent is uniformly dispersed throughout the space protected. (2) in scorning 
applications, the agent is applied directly onto a fire or into the region of a fire. This is 
15 usually accomplished using manually operated wheeled or portable units, A second 
method, which we have chosen to include as a streaming application, uses a 
"locailacd' ■ system, which discharges agent toward a ire from one or more fixed 
twites. Localtased systems may he aehvansd eidwr manually or automatically. <3) In 
explosion suppression, a halocarbon is discharged to suppress an explosion that has 
20 already been initiated. The term "suppression" is normally used In this application 
since the explosion is usually self-limiting. However, the use of this term does not 
necessarily imply that the explosion is not extinguished by the agent . lit this 
application, a detector is usually used to detect m expanding fireball from an 
explosion, and the agent is discharged rapidly to suppress the explosion. Explosion 
25 suppression is used primarily, but not solely, in defense applications, <4> In inerdon, a 
haioearbon is discharged into a space to prevent an explosion or a fire from being 
initiated, Often, a system similar or identical to that used for total-flood fire 
extmgtdshmeat or suppression Is ased< Jnertion is widely used for protection of oil 
paction facilities at the North Slope of Alaska and in other areas where flammable 
30 gases or explosive dusts may build up. Usually, the presence of a dangerous condition 
(for example, dangerous concentrations of flammable w explosi ve gases) is detected, 
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and the haloearbon is then discharged to prevent the explosion or fire from occurring 
■until the condition can be remedied, 

Thus, there m font fhe md explosion protection ajptteatfems covered by this 

disclosure: 

g I . Total-Flood ¥m Extinguishment and Suppression 

2. Streaming Fire Extinguishment and Suppression 

3. Explosion Suppression 

4. Explosion and fire fnertion 

The halogenaUsd chemical agents currently in nse for fire extinguishment (by 
W total flooding or steaming), explosion suppression, explosion meriion, and fire 
inertion are generally bromine -containing haloaikanes. Such chemical s contain 
br onime, fluorioe, and earhon (ami, in at least one ease, chlorine), contain no 
hydrogen atoms, and have only single bonds between atoms. These chemicals include 
mm 1202. (CBr# 2 ), mm 121 1 (CBf€iF s ), Halon 1301 CCBrF*}, md Halon 2402 
1 5 (CBrF 2 CBrF$), Information on me most important of the existing halons m shown in 
Table I The W CAS No." m the nntnher assigned by the Chemical Abstract Services of 
the American Chemical Society to aid in identifying chemical compounds- Halon 
1301 (hromotriflnoromethane) atid Halon 1211 {hromochiorodifluorotnethane} ate the 
most widely used haloaikane fire extinguishing agents. Halon 1301 is widely used for 
20 total-flood fire extinguishment, explosion suppression, and mettion. Due to its higher 
boiling point and higher toxicity, Halon 1211 is usually not used in total-flood 
applications, hat, it is widely used in streaming, 

TAiiLil™^ 
ns$m Formula Halon CAS No. Boiling 

Mo. Point, °C 

dihromodifit?orometha«e CBr*F 2 1202 7S*t-6 M 

bmm<sehloro<hfl«oromedtai»e CBrClFj 1211 -4 

bromotriflooromethane CBrF 3 1301 73~63~8 -SB 

l,2-dibromotetofluoroe*ane CBrF 2 CBrFx 2402 124-73-2 47 



Broitti^e-co^m^g Moaltoes such as stnse&isilng batottft operated fne 
extinguishing agents by a implex chemical reaction mechanism involving the 
disruption of ft^radleal chain reactions, which are essential for continuing 
combustion. The existing batons are desirable as lire extmgnishing agents because 
3 they am effective* because they leave no residue (Le, y they are lipids that evaporate 
completely or ifcey ate gases), and beeanse they do not damage equipment or facilities 
to which they are applied 

Recently, however, haloid, have come to be recognise! as serious 
environmental thneats due to their ability to cause stratospheric o&one deletion, the 
10 United States, ptXKh^tion of the existing halons (Halon 1201 > Haloo 1301 , Halon 
1211, and Halon 2402) stopped at the end of 1993. 

Sgocfe ^search has gone on to find tepSaeements for the e&isting Mom for 
protection against fites and explosions; however, the search for Won n&plaee*m4sta 
h&$ been less than totally successful ('Treasure Mounts As Search for Halon 
15 Replacements Reaches Critical Phase/* Chemkaland. Engineering News, September 
19, 1994, pp, 29-32). Most of the agents now being promoted as halon replacements 
are hydroehlotofluor^arhom (HOCs), hydrotluoroearhons sad 
pofluoroc«bom (FCsor PFCs). HCFCs, MFCs, and PCs <PFCs) appear to operate 
primarily by heat absolution, which is a less effective mechanists for most fire arid 
20 explosion protection applications than theiree radical chain disruption nseehanism 
used by the existing hatem- Thus, HCFCs, HFCX and FCs (a family that we refer to 
as ^fir§t-generation" halon replacements) have a significantly decreased effectiveness 
compared to the batons now used. for fire and explosion protection in most 
applications. Moreover* the MCFCs have a sufficiently large OT>P that their 
25 production la restricted and will eventually he phased out under both the Montreal 
Protocol and the VM, Clean Air Act, Finally , the MFCs and* its particular, the PCs 
have significant atmospheric lifetimes (usually on the order of years or even hnndmfe 
of years) and are believed to canse global warming, mis may cause eventual 
restrictions on the HFCs and FCs. 
30 Accordingly* it is the object of the present in vention to provide effective fire 

extinguishmg> fire suppression, explosion suppression, and explosion and fire inertion 
agents that contain, as principal eomponems> phosphorus nitride compounds The 
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mm here either a stagie composed or msxttsres of two or mo*e 

compounds ami tmy intHM ffltxtww of phosphorus nitride compounds with other 
materials. 

5 'Hie present inwiKioft prides phosphorus fdtrid$ $o^>wd§ for-use as 

agents for fits extiajpl$toing : suppression (m either tota!-fk>oding or straining 
application)* &&pfo$k*n siipptessio^, and explosion and fiit inertUm* As the t&tm is 
used m this application phosphorus nitride compounds are any e<anpo«nds cont^ning 
a direct (cov&hmt) bond between a ftsifogen atom and a ptephoms atom. Thus, they 

W do nor include such ionic compoimds $s sgmramium phosphate CNIisPO*}, where their 
is no direct bonding between nitrogen and phosphorus other than kmk attraction. 

Phosphoms nitride compounds include two groups: cyclic eompooiRfe 
: .contaimng a cyclic backbone (usually containing alternating phosphorus and nitrogen 
atoms) and compounds having a backbone containing linear chains (but which also 

i 5 may contain cyclic substtaents along the chain) . The latter am often polymers whose 
exact structures have not been fully ehar^cterixed, Examples are shown below for a 
six -member cyclic ring m4 for a foisr-member chain. 

Cyclic ;<6**to 
The backbones may m&tam substhuents deluding but not limited to the 
halogens fluorine (F), chlorine (C3), temiw <8r>, and iodine (I); imino groups 

20 <*NH); aikyl and substituted alkyl groups; aryl and substituted aryl groups; and 

•tkoridofc. Alky! groups are groups co*tt*W«g mly caifeott and .hydrogen atoms such 
as methyl (~CR$>, ethyl <~CH 2 ce$)> »~propyl {~CH$CHjCK 3 >, and i*o-propyl 
<CH<CMah). Substituted afkyl groups ate aikyl groups in which one or more of the 
hydrogen (H) atoms have been replaced by other atoms or groups. Examples are - 

-25 CH 2 F ( ~CMF S< and -CF?> Aryi groups are groups containing only carbon and hydrogen 
atoms in "aromatic" rings. The most common of these is the phenyl group, -€gH$. 
Substituted aryl groups have one or more of the hydrogen atoms replaced by some. 
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other substttuent. An example is jpcaflwropheayU -€#V Alkoxide groups have the 
structure -OR, where R Is an alky! or & substituted alky I group. 

Agents meters the cyclic phosporus fluoronitride compounds F3N3P6, F4NsFg s 
5 ami, in .general, cyclic compounds having a formula <PNF 2 )„> wfeei* "n" is 2 or 
greater, these compwfe have the cyclic FN backbone with fluorine atoms as 
sttbttitneats. For example, the structures of the "trimer" PjW* and "mmtm* RW* 
aits shown beiow< 

F 




The compounds also include the cyclic phosphorus cMotonimde compounds 
j 0 P3N3CI* P4N4CI8, and, in general, cyclic compounds having a formula <FNC1 2 )», 
where M a" is 2 or greater. Cyclic phosphorus nitrides containing both fluorine and 
chlorine in the same molecule are also included. Examples of trimers are P^NjCIFs, 
PsNaCIjF^ PjN?a 3 Fs, PjNsCUFi, and P*N 3 Cl s F. These include ail isomers of the 
compounds. Isomers are different arrangements of the atoms on the same molecule.. 
1 5 For example, three, isomers available for P 3 N 5 ObF ? are shown below. 
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Bromine and iodine substituents may also be present. a*W®*w 
t^tt©f^i3A^4,6-ttia3»^phow«ie is an example of a mixed lluoritie^romine 
substituted b-mentbered ting: 
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Example of rings cottfaming irnroo <**NM), aryl (here, phenyl, -Ceil*), alkyl 
(here, trifiaoromethyl, -CF 3 ), and aikexy (here, ase&oxy, -OCH-,) are shown below. 



< 
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Phospham {Containing Xmi«o 



Containing Fhewyi (-CgHs) Groups 




0gH 3 .OCM 3 




Containing TriSuo wmethyl f CF>) Groups Containing Methoxy <- OCHj) Groups 
A list of some cyclic phosphorus nitride compc*nd* ts shown in Table It- The 
empirical formate gives the numbers of each type- of atom without regard to actual 
structure, Thus, various isomers will all have the same empirical formula, the IUFAC 
name is the chemical name of the compound as assigned using rules established by the 
Internationa! Union of Pure and Applied Chemistry <rUPA€)> 
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TABLE it SELECTED CYCLIC PEOSFH0EUS NITRIDES* 



CAS No. Empirical 



lUFACNw Baling 



38589-76-3 N^Fa&x* <e:is}^;2 * ;3»S,2,4> 

38589*81 0 M^FaCU {ci^^A^t^ ££X4-&* t p 



38589-72-9 N#^F*Bfa (si$y2*4*difcro^^ 

38589-78-5 N^CbE* {c;i$K2>4^ 140 

38589-74-1 N|PftB^ 

38589-79-6 H^P^Qb (ci$<fe)-2 * 3>5&4<6* 

'38589-75-2 NsFsPsBts (c&~ti^)~2A6^^ 

38589-80-9 N^FACIj (^tt^ 

38589-77-4 NjPsFsBr* (trans^l^ * 3X%A& 

38589-83-2 N*P*F*CU (tr&n^ $££Afr 170 

31589-73*0 H^EsBr* (t*tros}*2 ,4-$^ * >3*$,2 A<*~ 



WO 



17022-78*5 NjISF-jB^ a;2,4,44^rafer<>t«o*6,f>-4iflu«t<>* 1 ,3,5,2,4,6- 

tiiaxaphosphorine 

2 1846*67-3 n%f00U 2J 5 4,4-tMf achloro»6 5 6-4ifiuoro* 1 3 ,5,2,4,6* 



17022-77-4 NjP 3 FsBrs 



}7022*7M ^s^sBr 

aii46*70*8 ^m^$ 

19258-93*6 WiPts 

15599-91*4 W£0* 
3880*04*4 



2,a,4-tiib«>mo-~4 f 6,6-tffltJoro~ i 3.5.2 
iriazaphosph ori«e 

tri&^phosphorine 
tfiazaphosphori«e 

chJar0pen«Mluoro-i,3 t 5 > 2,4,6*tfJ^a^iphosphorine 

deeafliiero- i ,3,5,7,9,2,4,6,8 JO- 
pen$3xapeR^phosphecin«- 



14700*00*6 

13778-06-8 H#*FOs 



he^«om'!,3 > 5,2 > 4,6-t«^M?iphospho««« 
bexaftae-ro-l ,3-ditm-tftyl- 1 ,2,3,4- 

mtmmfty 1 3,5,?,2,4,6,8-mta2:atetraph<»spltocine 
jsentsehforoflttoro* 1 ,3,5,2,4^-triM^o^hoiiiie 



18L6 



150 



1 14.7 

97 
8? 

120J 

147.2 

50 
91.6 
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Chain €&mp&&n&$ 

In addition to cyclic rings, phosphorus/nitrogen compounds also form chains. 
Om example of a simpk linear mXeate * O^PO^HCI, Phosphorus nitride 
I chain compounds ate <$e» polymeric and contain a mixture of chains of different 
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lengths and may also contain some cyclic compounds within the mixture or attached 
to the chains. For example, when heated above 300X, phosphorus fluomnitrides form 
colorless polymeric liquids, The polymeric liquids are believed to contain a mixture of 
chains of the type F 3 P*N~lPFs^3rH s 4, where, n Is the Bomber of repeating f»I¥*N 
5 units > 

These and other aspects of the present invention will be more apparent upon 
consideration of the following detailed description of the invention. 

The cup burner is a widely accepted laboratory test apparatus for deterauning 
1 0 the fire exbngnishmg and suppressing effectiveness of agents. In this method, an agent 
is introduced into a stream of air which passes around a cup of burning liquid fuel, 
and the concentration of gaseous agent needed to extinguish the mm h determined. 
During this operation, any agent that is normally a liquid is allowed to become a gas 
before being mixed into the stream of air and passed by the burning liquid fuel. The 
1 5 cup burner is so widely accepted that the National Fire Protection Association (NPPA) 
Standard 2001 on Clean Agent Fire Extinguishing Systems mandates this method as 
the primary procedure for determining the concentration needed t« extinguish a fire of 
liquid hydrocarbon fuels (e.g., gasoline, hexane, etc; such fires are termed "Class B 
fires**)- That standard states mat "The minimum design concentration for Class B 
20 flammable liquids shall he a demonstrated extinguishing concentration plus a 20 
percent saf ety factor. Extinguishing concentration shall be demonstrated by the cup 
burner test." Concentrations are usually expressed as "percent by volume." Tins is the 
same as the "percent by gas volume," which is calculated assuming that all of the 
introduced agent has volatilized {i.e., vaporised to become a gas). 
2 5 a haiocarbon earner may he added to one or mom of the phosphorus ni tride 

compounds to aid in distribution of the agent, to modify the physical properties, or to 
provide other benefits. Mixtures of haiocarbon carriers wi th phosphorus nitride 
compounds may be- either aSeotropes, which do not change i n composition as they 
evaporate, or zeottopes* which do- change in composition during evaporation (mom 
30 volatile components tend to evaporate preferentially). Mixtures that change only 

slightly in composition during evaporation are sometimes termed "near «seottopes." 
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In torn* cases, there are advantages to axeottopes and near aoottqpes. Mixtures 
covered by this application Include axeotropes, near a*«otropes, and seotropes. 

Carriers can be- materials such as hydrochlomfluorocifflsoas. 
rrya^oflyoK>carbons, or pertluorocarfcons. Hydrochlor»fittor^»i^m% (MCFCs) are 
5 chemicals containing only hydrogen, chlorine, fluorine, and carbon* Samples of 
HCFCs that could be used as carriers a$« 2>4a*Joro4 J,i4i^u0K»thane 
.(CHO3CF3), chlorodifluoromethane (CHCIF*), 2-chtoto- hi A ,2-tetmfluoroethaee 
COiClFCFs), and ^chloro-i,i-dif1«oroethafte fCHaCOT*). Hyd«of!«oroearbons 
(HFCs) are chemicals containing only hydrogen, fluorine* and carbon. Example* of 
m potential HFC carriers are triflneromethane (CWPj), difhw^methane M - 

mfiuoroethane (CH^CHF*), pentafiuoroednme (CEF 2 €F,) t 1J s LMetraflttor^thane 
(CFfeFCF^), tAA ,2,2-pentafluoropropane (CF»CF 2 CBj), IAA X%%~ 
hexafluoropropane <eF»C8FCHF$>» htJ,33J-hexa«»oropropa«e (CFjCHjCFs), 
UAMS&mi^^ iJJ^333~beptafbK>ropropane 
1 5 (€F-*CHFCF S ), and 1,1,1 ,4,4,4-hexafinotobntane (CFjCHaCHiCPj). Perfiuotocarhons, 
which contain only fluorine and carbon, m characterised by very low toxicities. 
Examples of pe*fl«o«ocwboos that could be used as camera are tetrafluoromemane 
(CF4), hexafluoa^thane (CF3CF1), octafluoropropane (CFjCFaCFj). deoafluorobutane 
(CF ? CF 2 OP s CF 3 ). dodeoafl«Q«Ppen«ane :(0^ 3 CF^F 2 CFffi> < «stf^cafi»o«ibex|B«f 
20 (CFsCFsCF^CFsCFsCFs), |ietfSuoromethykyciohe.iiane sCFO, 

perfinofodimetbykyelohexane (C#,oCCF 3 ) 2 ), *»d perntK>roi«ethyldecabn 
(CjoFj-rCFa). Our work indicates that some mixtures possess flame extinguishment 
and suppression ability greater than would be predicted from the intrinsic fire 
suppression ability of the separate components, a phenoruenon that we term 
25 "synergism/' Note that % is not necessary that the carrier have zero flammability . It is 
only necessary that to mixture of camer(s) and phosphorus nitride agent(s) act as a 
fire and/or explosion protection agent, 

The embodmvents include the use of agents comprised of cyclic and/or linear 
(polymeric) phosphorus nitrides, with or without earners, for die four applications of 
30 fire extinguishment or suppression using a total-flood application, fire extinguishment 
or suppression using a streaming application, explosion suppmssion, and inertion 
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against fires and explosions. The following examples illustrate the fire and explosion 
protection t« accordance with the invention. 

Example L Into a flowing air stream in which a asp of burning m>heptane fuel 
is contained was intrt^tced a mixture of NgF^** J^P^sCi, N^EiCI-s, and 
5 Nsl^FjCl? sufficient to raise the concentration to 0.28 f^-teent ag«nt by gas volume. 
This concentration of agent was less than one-tenth m much as required to extinguish 
the same fire using IMon 1211 (which requited a cone«nmtio« of 3>2 percent) of 
using Halon 1 301 (which required a concentration of %$ percent). 

Example 2. Onto a 1 > 5-inch diameter cup containing I/4-roeh of burning »- 
I o heptane fmh a stream of a mixture of N*rifc N#^ s O, NjPjF^CH, md N# 3 F 3 C1 3 
was discharged. The fire was hnmediateiy extinguished 

The present invention has been described and illustrated with reference to 
certain preferred embodiments. Nevertheless, it will he understood that various 
modifications, alterations and substitutions may he apparent to one of ordinary skill in 
1 5 the art, and that such modifications, alterations and substitutions may be made without 
departing from the essential invention. Accordingly, the present invention is defined 
by the following claims* 
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Claims* 

1 , The method of extoguishing m mppmmmg * & & total-flood 
application, ohar^teti&ed by the steps of 

&) providing an agent eofti&initig at least one phosphorus nitride 
compound* 

h) disposing said agent to a pmsnri^d discharge system and 
©) diseharpng Mid sgsitt into m m& to pmrxiks m avetage 
reciting ^oBcentration in said area of between 0 J and 12 
percent by gas volume to extinguish or fsres in that 

asm 

2 V The method of elaisn 1 chamctmased in ifeat said spnt comprises a? 
least one phosphors nitride compound with one or moss sobstimesus selected 
from the group eonstettag of fluoric (F)< chlorine (Cl% htomim (Br), sodme 
(J), imino {«NH)> alfcyis* substituted aSkyls, a*yl$* substituted aryb> alfcoxides* 
m& substituted &lkoxides< 

3. The method of cMm 2 chmm^tim4 m *Mt said mbftftuted alky Is and 
substituted my te OfeE CHF^ CF$> CHsCF^ CF^CF^ and C&IV 

4. The method of claim i characterised m that said agem comprises one 
or more compounds selected from the group consisting of the cyclic 
compounds F*N$€k, PjNjOF* PsN$CI 3 F^ PsN^CbF^ WfCUF*, PjNjCM?, 
Ftflafo W*£I* I^C^F, ftHtClsSfc F4H*aS*. f**NsCh$$> 
VtHtCW^ and F4H4F* 

5. The method of claim ) characterised by the step of adding to said agent 
a carrier comprised of one ortnora Mocarfeom. 

4 The wtfaod of elaim 5 ehametm^d in that said at least one 
haloearbon is selected from the group consisting of hydi^htorofluorooarboo$, 
hydtoBuorocarboOv^, aiid perfIuoroca3i&>os> 
? A The method of claim 6 characterised in thai s&kf 
hydr<^hiorof}uorocaybons > hydm£}uorocari>ons, perfluoroc^rbo?^ contain 
I through JO carbon Moms* 

& The method of chum 5 cbaraetemM in fhat said at least one 
haioearbon is selected from dm group consisting of U-diehlottvi ,U~ 
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ttiduommkm^ (CHChOFxh cMotKKMmmxmthmw (CHCIF*), 2~ehioro- 
IX 1 ^tr^iluoroetoe (CHClFCftX i -chlmo- 1 , i -diftaoroethaae 

tritlooromedsane (CBF3)v4i8«oimr»tfi»tt« {CB$F*X IX 
dif Jtioroetfe&ne (CBsCHF*), pen^uoro^^e COfF^CF;*}, U > i>2- 

I ,1 a,2>334^xatluotoj>ro|>ane (CF 3 CHFCTFa>> 1 4 J ,3 J J-hexaf Jiioroprop^ 
(CF^CH^Ci^}* l>lj>2,233-h$pt^ 14>1,2;33>3- 
heptaflnoroprapane CCF3CHFCB), i,UU4,4,4-hexaflaor^buwe 
(CFsCHjCH^CF^), tetrafluorosBethai^ (CF4>> ^3^ii€»«cUian« 
oetafluoroprop^ie .(CF^CFxCF^), d^afltt<>n#^ne (CF^CF^CFsCFs), 
dpd^liK>ro|^mme {CF^CF^CF^CFaCF^ tod^fteorohexai-ie 
(CF^CFsCF^CFaCFaCFs)^ ^riliiorTO^th^Icydoto^e tQFuCF*}* 
pertlnor^ (C^CF?)*), and ^mmnm\&hyMmtdm 

9; The method of extinguishing or suppressing a fire in a streaming 
application, charactered by ths steps of 

a) providing an agent containing at least one phosphorus nitride 
compound* 

b) disposing said agent in a f^Muii^d- discharge system, and 

0} discharging said agent from said system toward an existing fire 
to snppress or extinguish, said fire. 
10, The method of claim 9 characterised m that said agent comprises at 
least one phosphorus nitride compound with one or more substitutes selected 
from the group consisting of iluorine (F), chlorine (O), bromine (Br), iodine 
<1>„ inane {**NH), alkyis, substituted *3kgr|s, aryis, sufestituj&d aryls, alteMes. 
and substituted ykoxides. 

j I < The method of claim S O charaateri^d in that said substituted 
m&mh$iimt%& aryjs are CtfeF, CHF^ CF^CHsCF^ CF^CF^ and CaF$* 
1 2> The method of claim 9 characterised m that said agent comprises one 
or more compounds selected from the group consisting of the cyclic 
compounds » P3NCIF5, F S N,€», F*N«% P^0A 
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P#bF«, P^4d», PaKtCitP, WfcClsF* P^*CIA. P4N4O3F5* 

P 4 H40 3 F«, F^OF?, and P4N4F8- 

13, The method of claim 9 characterised by the step of adding to said agent 
a earner comprised of one or more haiocarisom. 
5 j4, The method of claim 13 characterised in that said at least on© 

haiocarboa is selected from the group consisting of hyikochiomfitiorocarboas, 
hydrof iuoroearbons, and perflttoroc^>o«s. 

1 5 , The method of claim 1 4 characterised in that said 
hydrochiom0«orocarhoas, hydroftaorocarhotts, and perflworocarhons contain 

10 \ through 10 carbon atoms. 

16. The method of claim 1 3 characterised in that said at least one 
haioearbon is selected fmm the group consisting of 2,3-dich$oro~l , S J ~ 
triflnoroethane (CliOjCFs), ehiorodifl«oromethane (CHOP*), 2-chioro- 
i J.ia-iett'afinoroedwje (CHOPCFj), i-chloft>-iJ-diflworoethane 

11 (CBsCOFa), triflooromethane <CHP 3 ). dlSuoromethane tm^tX I > 
difltmroethane (CBjCi-iFa), pentafiuorocthane (CHPjCFs), 1,1 J»2~ 
(etrailuoroethaae (CHjPCPa), 1,1,1 yX^-pentafluoropmpane (CF3CF2CH3) , 

1 , i ,1 ,23,3-hexaflooropropane {CFsCMFCHFs), 1,1,1 ,3,3,3-hexafiooropmpane 
(CF^CHaCFs), l,1,.i,2,23>3-heptafluoroptopa«e {CPsCFs^PsH), 1J. 1,2,33,3- 

20 heptaaooroptopane (CF 3 aHFCF 3 } 5 14,1 1 4,4,4*exaflaombntane 

(CPjCHjCHaCPj), tetrafclnorotnethane (CF4), hexaflnort^thane (CF3CF3), 
ociafluetopropane CCP5CF2CP3), desaBnorobmane (CFsCF 2 CF 2 CF3), 
«toAse^aoi»p6»t^» .(aPsCFjCP^PaCFs), tetrad*a»fl»«fo}iexa«e 
(CFsCl^CFgCPjCFjCPa), perfiuoromethyieyclohexaae {QPj sCFs), 

25 perilaof odimethy leyciohesane (0^ )C (CF 3 )j), and pertlnorameihyldecaim 

(CvoPifCPs)- 

$?, The method of suppressing an explosion with, an agent, characterised 
by the sieps of 

a) providing an agent containing at least one phosphorus nitride 

30 compound, 

h) disposing said agent in a pressurised discharge system , and 
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c) delecting an expio&ion and dm;hargh*g said agent into the area 
of the esposlon to provide an average te^Mng concentration between 
0 J and 50 pereent by gas volume to s&ppess the explosion. 

18. The method of claim 17 char^ten^ ks thai m& agent comprises at 
lea$t one phosphorus nitride compound with one or mote mhsiimmu selected 
from the group sonsisfeg of fluorine (F), chloride bmffiim (Br), iodine 
0), toi»o <*NHX a«ey&* substituted slkyte, w$l$> mbmmm& Mkoxides, 
and mhsiiiuisd aIfcofc$de$, 

19. The method of elate 18 charactered in that said substituted alkyte 
and sublimed aryfe are €W\ CMF*, €F\ CM^> CF^CP^ and QFs- 

20. The method of cWm I? characteri^d in iftM said agent eomprise$ one 
or 3Jiom compounds seiesied fmm the gro&p consisting of the cyclic 
compound l 3 » FtffeCff* .PjN|C3yP*, WaWi. P^CUF^ PjNjCIsR 
PjW*> P*N*a$> P^CJ^/F, P^CfcF^ 

P^ChF* P*N 4 €tF^ ami P4N4F* 

2L The tnetbod of claim 1 7 chameter^d by the step of adding to said 
ag^nt & carrier comprised of one: or mote haloearhon^ 

22, The method of claim 21 characterised m that said at least one 
hak^arhon is selected trom the grmsp consisting of hydrochk>roflBoroc:arboi^ y 
hydroflnotooarhoa^, and perfiaoroearbons> 

23, Theimthod of claim 22 eharactemM in that said 
hydroehlorofitiOf ocarbon$* bydroflooroc^fbons* and pertlwroearhon^ contain 
1 through 10 earbon atoms, 

24, The method of claim 2 1 char amerise4 is* that said at iea&t one 
halocarbon ss selected from the group consisting of 2,2-diehiom- 1 J * l~ 
trifluoroetbane (CHO3CF3), chlorodifluoromethane (CHCIFa), 2<hiom- 
UU.a^rafiuoroetbane (OiCIFCF^ i^hloi^i J^iflaoroethane 
(CH^COF^ trifl^oromethane {CHF$K difktoromethane (CH#a)> hi- 
dteatoethane (CHsCHFs)* petitafi wroetba^ iXl& 
telraflnoroeth^e (CHsFCF*}, U J X2 imntMlmmpmp^m <CF^CFOT?)> 

! J,i,233-hexafluor0p^pane (CF^CHFCWFa)> 14 J3>33~hex^uon^opane 
(CFsCH^CF^, 14*1 ,2,2,33-heptafl^orop^opane (OP*O^F*H), U>L2 r 3J3- 
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(CFsCHjCHaCFs), ^ra{l«{5r«i«etfeane {CF*}, he*sflttore*d*a«e (CFjCFsK 
oelafittoropropane (OPsCFjCFs), deeafluot^itaae {OFjCSjO^Fj}, 
do4ecafkor«penta«e .ffjj^PWPil t^adecsfi«ordbex«m 

25. The m*th©d of inertlng- *R area to prevent a ffc* or explosion* 

characterized by the steps of 

a) providing an agent containing at least one phosphorus nitride 

compound, 

h) disposing said agent in a pmmiw4 discharge system, and 
c) discharging said agent into said area to provide an average 
resulting concentration between 1 aid t£ percent by gas 
volume to prevent a fire 0* an explosion from occurring. 

26. Themetnodof claim 25 characterised in that said agent comprises at 
least one phosphorus nitride compound with one or more subsriments selected 
from the group consisting of fluorine (F), chlorine {€!}. htmmne (Br), iodine 
(IX immo <>NH>, alkyls. substituted alfcyls, aryls. substituted aryis, alfcoxides, 
and substituted alkoxides. 

27. The method of claim 26 characterised in d*at said substituted aikyls 
and substituted *yl* «• <W> CHsCF* CFsOP* aadC«Fs, 

28. - The method of claim 35 characterized in that said agent comprises one 
or more compounds selected from the group consisting of the cyclic 
compounds Wsd* WaCH* PW, KNsCbfe. *feCUE<>. FjNjOsF, 
Fj K#* W*€M?. PWj, F*N«a#*> F4K4CI4F*. F^CIsFs, 
P*N*a 3 P 6> F^lvUClF?., and F4M4FV 

29,. The method of claim 25 characterised by the step of adding to said 
agent a carrier comprised of one or more halocarbons- 
30. The method of claim 29 characterized in that said at least one 
halooarbon is selected from the group consisting of hydrochtoflnoi^carbons, 
hydrofluorocafbons, and perilooroearbons. 
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31, The melhod of ciattn 30 ch*«m;twi s«d m that &md 
I through 10 cssbxm atoms. 

32. The m*fa*&: <«&ii» 2f eha^tefia^d in that said at least one 
mocMbon h selected from the gy«|> eo«sisti«g t>f ^*4lcNaro~U*l» 
trlfluor<setha«e (CHCIaCFs), chkm-siifluofometha.«e (CMCIFj), 2«chl«ro- 
1,1,1 >t»tr«fla««Je^e (CHCIFCFs), l»eWofo~l t i-djf}u«roethafte 
{CHjCCi^), tfifiaoroiaeihatje (CHFsX ..difl»ot0«»tha»e (QfsFth M- 
difiaoroethaae {CHaCHFs), pentatluon^ihaiie (CIIFsCFs), 1,1 A> 

14 ,i. > 233^a««er#i©p«Be (C^CBFCHF*)* l,lJJ33~hexaflttompropat\e 

heptafluompro^ <CFjCHF€F 3 }, 1 »1 ♦ 1 ,4,4,4-hexailuomhwtane 
(CFsCHsCHsCFs), ietrafluoromethme (CF*), te&Oaoroethane {CF3CF3}* 
octaflttomfropmxe (CF3CP2CF3), docailaofObwtane (CFjCFsCFsCFsX 
<lodee«flao^^«aie- <CMaCfOT*€F 3 >, t»jm4^«fi«<»€^exa«e 
(CFjCFj0F2CF 2 CFsCF3>, perflt)on>t«eU\yte^clohex^e <€#> iCF 5 >, 
pe-tfiuoroshmettoyteyclohexaoe <C*Fu>(GF$)5>, «mi perOuofoaiethyldc^alin 
CCi# i? CF 3 ), 
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